Impairments in coordination of the hips and ankles in people with MS were documented by negative work during imposed bilateral leg movements. Measurements of negative work at the hip, but not the ankle, were correlated to clinical measures of balance and gait speed in people with MS. These results suggest that people with MS rely more strongly on hip control than ankle control for functional balance and walking.
h i g h l i g h t s
Impairments in coordination of the hips and ankles in people with MS were documented by negative work during imposed bilateral leg movements. Measurements of negative work at the hip, but not the ankle, were correlated to clinical measures of balance and gait speed in people with MS. These results suggest that people with MS rely more strongly on hip control than ankle control for functional balance and walking.
a b s t r a c t
Objective: The purpose of this study was to quantify hip and ankle impairments contributing to movement dysfunction in multiple sclerosis (MS). Methods: Volitional phasing of bilateral hip and ankle torques was assessed using a load-cell-instrumented servomotor drive system in ten participants with MS and 10 age-matched healthy participants. The hips and ankles were separately bilaterally oscillated 180°out of phase (40°range of motion) at a frequency of 0.75 Hz while the other joints were held stationary. Participants were instructed to assist in the same direction as the robot-imposed movement. The hip and ankle torques were measured and work was calculated for each movement. Results: Total negative work at the ankle was significantly different between groups (p = 0.040). The participants with MS produced larger negative work during hip flexion (p = 0.042) and ankle flexion (p = 0.037). Negative work at the hip was significantly correlated with the Berg Balance Scores and Timed 25 Feet Walk Test, and trends demonstrated increasing negative work with increasing clinical impairment in MS. Conclusions: These results suggest an increased importance of the hip in functional balance and gait in MS. Significance: Rehabilitation strategies targeting ankle recovery or compensation using the hip might improve movement function in MS. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
A better understanding of the deficits in coordination of the ankles and hips in people with multiple sclerosis (MS) could help direct the rehabilitation of functional movements. In people with MS, altered coordination (Sosnoff et al., 2011) , lower extremity weakness (Kent-Braun et al., 1997; Thoumie et al., 2005) and abnormal stretch reflexes (Knutsson and Richards, 1979; Sinkjaer et al., 1993; Toft et al., 1993) often contribute to limitations in functional movements such as gait (Mueller et al., 1995; Nadeau et al., 1999; Milot et al., 2008) . While motor impairments likely occur in both the ankle and the hip, there is increasing evidence of a compensatory strategy that includes a redistribution of torques from the ankle to the hip in people with neurological impairments (Nadeau et al., 1999; Lewis and Ferris, 2008; Jonkers et al., 2009 
